Abstract-The prevalence of high body mass index individuals can be said to have reached epidemic proportions, thus proving that at least part of the individuals is not capable of regulating their own food intake which is key to weight gain prevention. The general symptomatology that may be associated with overweight or obesity is a cognitive deficit in the regulation food intake behavior, this functional change is often associated with certain characteristic neuro-diagnostic electroencephalography. In current years, stimulation of the prefrontal cortex by using neuromodulation techniques has been suggested as such an approach and has attracted the attention of many researchers. However, The EEGneurofeedback training is one of neuromodulation techniques that utilizes a real-time display of EEG signal to learn selfregulation of brain activity. The design of present study is randomized control trial, ten healthy students with high body mass index were recruited to participate in study. These students divided to two groups, experimental group and control group with two conditions (pre and post-intervention). this study found out the feasibility of EEG-Neurofeedback Training in stimulation the prefrontal cortex in high body mass index individuals that may be a valuable contribution to change the food intake behavior.
I. INTRODUCTION
Subjects who are overweight or obese would be indicated as High Body Mass Index (HBMI) individuals. In the overweight category, this ratio is defined between 25 -29. 9 Kg/m 2 ; while for the obesity categories, this is defined as more than or equal to 30 kg/m2. Over the last few years, the prevalence of overweight and obesity has increased substantially in various societies globally [1] . Based on the WHO's report in 2016, more than 1.9 billion adults are overweight and more than 650 million are obese. Also, the Institute for Public Health (IPH) in Malaysia has reported that 47.7% of the Malaysian population is made up of HBMI individuals. From this number, 17.7% percent suffer from obesity whereas 30% percent are overweight [2] .
The ever-increasing number of HBMI individuals in society is commonly due to excessive food intake and lack of physical activity. Another contribution factor is the increase in availability and consumption of high caloric palatable food rich in sugars and fat. Besides excessive consumption of fat and sugar, daily meal patterns have changed over the last decades, noting a trend for increased meal frequency (i.e. snacking behavior) [3] . Snacking has been suggested to also contribute to weight gain as well as to its metabolic rate. Thus, a reduction in physical activity and an increase in calorie dense food and snacking behavior all result in weight gain [4] .
The prevalence of HBMI individuals can be said to have reached epidemic proportions, thus proving that at least part of the individuals is not capable of regulating their own food intake which is key to weight gain prevention. Regulation of Food Intake (RFI) is a complex process involving the combination of internal factors such as genetics, neural and endocrine signals, as well as external factors including the contextual factors that stimulate eating desire such as sight, smell and taste [5] .
The rising numbers of HBMI individuals and repeated failures in attempts to control weight gain traditionally indicates a need for new therapeutic approaches. In current years, stimulation of the PreFrontal Cortex (PFC) by using neuromodulation techniques has been suggested as such an approach and has attracted the attention of many researchers [6] .
As noted before, the general symptomatology that may be associated with overweight or obesity (HBMI) is a cognitive deficit in the RFI behavior, this functional change is often associated with certain characteristic neurodiagnostic electroencephalography (EEG). The studies of neuromodulation in HBMI individuals showed that effective in impact of food intake behavior. The common non-invasive techniques, such as the Transcranial Magnetic Stimulation (TMS), transcranial Direct Current Stimulation (tDCS) have been applied to stimulate the brain regions involved prefrontal cortex (PFC), and the EEG have been used to monitor the brain activity in pre-stimulate and poststimulate [7] .
However, The EEG-Neurofeedback Training (EEG-NFT) is one of neuromodulation techniques that utilizes a real-time display of EEG signal to learn self-regulation of brain activity [8] . Despite It is a safe and non-surgical interventional technique, but the EEG-NFT hasn't applied yet in stimulation a PFC to RFI behavior in HBMI 2018 IEEE-EMBS Conference on Biomedical Engineering and Sciences (IECBES) individuals. The present study aims to stimulate the PFC in HBMI individuals by using EEG-NFT.
II. MATERIALS AND METHODS

A. Participants
The study design is Randomized Control Trial (RCT) for recruited the participants. Ten healthy students at the UPM university of Serdang took in the study through advertisements posted in the university and social media pages that back to the university's students. These students divided to two groups, Experimental Group (EXG) and Control Group (CG) with two conditions (pre and postintervention). The details on participant flow are reported in the Consolidated Standards of Reporting trial (CNOSORT) diagram ( Figure 1 ).
All participants were undergoing a screening test to assess for eligibility according to following criteria; the inclusion criteria are : Participants must have high body mass index (X ≥ 25) kg/m2; Participants must be within the defined age limit (18 -45) years; Participants must not have suffered any head injury or brain disorders. The exclusion criteria are: Failed to meet the inclusion criteria demands; Currently undergoing treatment with drugs evoking weight variation (e.g. cortisone); Currently pregnant; Currently smoking; Failed to provide written consent.
B. Study design
In general, all participants in the present study were randomly assigned to Experimental group (EXG=5) or Control Group (CG= 5). The EX-Group is undergoing Neurofeedback training and control group is undergoing a period of waiting (no-Neurofeedback training).
The study design consists of 3 phases for data collection. The duration of study was 4 weeks. All procedures were conducted by the research team, including a therapist with experience in neuroscience. The study performed at the Clinical Neurophysiology Clinic at Medical Lab-Faculty of Medicine and Health Sciences, University Putra Malaysia.
1) Pre-Training Phase (T 0)
In the first stage of the pre-training phase, all participants were provided with the screening form. After that, all participants were undergo EEG recording for the Resting State (RS). The participants asked to relax with their eyes open and to focus on one of spectral colours that are shown on the screen. The duration of recording is approximately 5 minutes.
2) Neurofeedback training-intervention Phase
The training was designed according to the prerequisites for good neurofeedback study that have been mentioned in the recent review [9] . Eight neurofeedback sessions are chosen (each session lasted 17 min) that would be convenient for research, based on the number of sessions in previous neurofeedback studies ] 10 ] , [ 11 [ . These sessions are distributed toward two sessions per week in consecutive days. Each session is composed of 3 training trials (4 minutes for each trial plus 1 minute break between them) and a pre and post EEG screening, as shown in figure (3) . Pre-EEG screening includes cue exposure task for 90 seconds and post-EEG screening includes eyes open resting state activity for 90 seconds.
In the cue exposure task, the participant is presented with digital photographs of palatable food items (such as dessert, snack food, fast-food and main dishes) that are selected by the participant and that frequently drive them to excessive food intake. During this task, the participant instructed to focus on the photos that were shown on the screen and imagine the taste as clearly as possible. After 90 seconds these photos removed for followed training trials.
Training trials, The visual feedback is performed through a flash game shown on the screen. In the part, the participant has to focus on this game and try to follow the instruction.
Post-EEG screening, after 14 minutes, the flash game is removed and the is participant then asked to be relax with his/her eyes open for post-EEG screening for 90 seconds.
Post-Training phase (T 1)
After EEG-NFT sessions had finished, all participants (EX-Group and C-Group) asked to perform another RS EEG recording.
C. EEG Recording
EEG data is recorded by means of 2channels Atlantis Clinical System (sampling rate 256Hz) plus brain avatar 4.0 software. This system and software are manufactured by BrainMaster company, which is based in the USA and specializes in EEG Systems and Neurofeedback [12] .
The system presents a visual or auditory signal corresponding to the status of one or more of a participant's EEG bands (e.g., brain theta wave activity) so that the participant can undergo operant learning. Signal processing and feedback are implemented by the PC running the software produced by BrainMaster. Information is derived from spectral analysis of the electroencephalogram (EEG). The device interface to computer using only a USB cable. Brain avatar software is designed for Windows Vista, Windows 7, Windows 8/8.1, Windows 10.
This software is not open source and requires a license to operate it. The software is supported with digital fitters to interpret EEG signal: 50 Hz EEG notch filter, and low frequency cut-off is low 0.5Hz, artifact threshold 255 µV. The 10/20 international system is used for electrodes locations as shown in figure (2-A) . In the present study the bipolar montage used to EEG signal monitoring. The target electrodes are placed on the prefrontal positions (Fp1 and Fp2); the references electrode placed on the left (A1) and on the right (A2) earlobes [13] .
The participants seated on comfortable chair facing the client screen. Then, electrodes are placed on forehead and earlobes after skin preparation as explained in figure (2-B) . The touching area is cleaned by a gel (Nuprep Gel); that is acting to minimize the skin impedance, consequently enhance the performance of the electrode monitoring. Conducive paste (Ten20) used to stick the electrodes in place to obtain the optimal balance of adhesiveness and conductivity.
D. EEG-Neurofeedback Training Protocol
The EEG signal is commonly transformed to the frequency domain and divided into a set of frequency bands. There are five frequencies in EEG signal: Alpha, Theta, Beta, Delta and Gamma. Frequency indicates the speed of wave oscillation which is measured by the number of waves per second and measured in Hertz(Hz) [14] .
Both of Beta, Alpha and Gamma bands are referred to as fast oscillation bands while Theta and Delta bands are referred to as slow oscillation bands. The published research literature on fundamentals of EEG signals and brain activity have documented when an excessive amount of slow oscillation bands or insufficient amount of fast oscillation bands occurs in the frontal brain lobe, it becomes difficult for the individual to control his or her behavior, attention, and/or emotions. This inefficient pattern of activity might lead to a deficiency in concentration, memory, intellectual efficiency, and be controlling mood [15] , [16] . Therefore, the theta/beta ratio (TBR) training protocol was selected as EEG-NFT protocol to stimulate the PFC activity. This training aimed to reduce the TBR by used visual feedback modality.
E. Statiscial Analysis
All Statistical analysis were performed using the software SPSS, the mean TBR ratio is calculated in T0 and T1 for EX-Group and C-Group to find out the impact of EEG-NFT. The assessment technique of EEG-NFT in EX-Group by calculating the TBR alteration. Especially, the mean of TBR in each 1-minute epoch is calculated in all sessions, for all EX-Group participants. Then, the curve estimation between theta/beta ratio and time is measured.
III. RESULT Referring to table 1, ten participants had been recruited, the mean of age (27.7±2.67) years and the mean of BMI (33.02±7.33) Kg/m 2 . The EEG-NFT by applying flash game shows significant effect on PFC activity. The TBR will be observed in each phase, the results can be compared from the first session at phase T0 to last session at phase T1 and compared between sessions at the intervention phase. The participants train themselves to reduce their TBR ratio as mentioned before in EEG neurofeedback training.
The mean value of TBR at pre-training phase (T0) and post-training phase (T1) for each subject in C-Group show in table 2. As shown in Figure 4 there is no significant different in TBR between two phases. The mean value of TBR at pre-training phase (T0) and post-training phase (T1) for each subject in EX-Group show in table 3. Figure 5 show a significant different in TBR between two phases. The mean of TBR in each 1-minute epoch for all eight sessions is explained in figure 6 . The result show reducing in TBR during training sessions.
Finally, in order to verify the hypotheses in the present study, the comparison between control and experimental groups is done and find out that neurofeedback impact on TBR, that means the PFC is stimulated, while no any change in TBR in control group that means a PFC hadn't stimulated. The EEG-NFT is a training program in which a person learns to influence physiological behaviors or assists humans to practice self-regulation of brain activity through real-time feedback. For instance, numerous studies have been done in the stimulation the brain cortex by applying EEG-NFT, and in treatment of neurological disorders such as ADHD, stress, depression and addiction [9] , [17] .
During EEG-NFT, the EEG signals of brain activity are monitored using electrodes placed on the scalp. The pattern of signals is then recognized by using EEG analysis and the system then provides the subject with feedback as a reward (depending on the desired levels of the EEG signal) [18] .
Previous research has presented various training protocols in the design of EEG-NFT studies. All of these protocols are associated with one of the EEG frequency parameters (alpha, theta, beta, and delta) or a set of them [27] . However, the most suitable protocol for the stimulation of the PFC for attention control is TBR. This has shown to produce very consistent results from test-retest reliability study [19] .
In contrast, the EEG-NFT is a safe and non-surgical interventional technique which has produced good outcomes in the enhancement of brain performance in several applications such as (ADHD and Addiction). However, there is no study yet which has examined the possibility of using EEG-NFT with TBR protocol to stimulate the PFC activity in HBMI individuals.
V. CONCLUSION
To summarize the discussion, this research found out the feasibility of EEG-NFT in stimulation the PFC in HBMI individuals that may be a valuable contribution to change the food intake behavior.
